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(54) PLASTIC PROCESSING METHOD FOR SHAPE-MEMORY POLYMER AND FASTENING BODY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To materialize a fastening body which 
has enough fastening force at ordinary use temperatures but loses 
the fastening force when heated, to enable a large amount of 
disintegration and disassembly in a short time, and to facilitate 
low-cost high-efficiency recycling. 

SOLUTION: In the fastening body made of a shape-memory polymer, 
a part exhibiting a fastening function is molded by secondary forming. 
When the original shape of the fastening part before the secondary 
forming is formed primarily to be a shape having no fastening 
function, the fastening body loses its fastening force to be 
disintegrated easily when heated at its glass transition temperature 
or above. As the secondary forming method, cold plastic processing 
or a heating molding^cooling fixing method is used. As the 
shape-memory polymer, it is indispensable to have a large 
shape-recovery ratio and a glass transition temperature which can be adjusted to be enough higher than 
room temperature, and a polyurethane shape-memory polymer is selected. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A plastic working method of shape memory polymer using rate of strain below 14-sec" 1 in plastic 
working of polyurethane system shape memory polymer. 

[Claim 2]A plastic working method of the shape memory polymer according to claim 1 using peripheral speed 
below 3.8xd 0 cm/sec about peripheral speed of axial rotation in plastic working including forming of rolling 
when a diameter of a raw material before processing is made into d 0 . 

[Claim 3]A plastic working method of the shape memory polymer according to claim 1 or 2 characterized by 
cooling this polymer below to T g -45 ** when glass transition temperature of this polymer is made into T g in 
plastic working of polyurethane system shape memory polymer. 

[Claim 4]It is a joining body which all become from polyurethane system shape memory polymer in part in a 
joining body which consists of shape memory polymer, A joining body having at least one or more shape 
chosen from a group which becomes this polyurethane system shape memory polymer portion from heights, 
a crevice, an uneven part, a thread part, and an inclined part which exhibit a conclusion function. 
[Claim 5]The joining body according to claim 4, wherein secondary size enlargement of some or all of a part 
that exhibits said conclusion function is carried out using the processing method according to any one of 
claims 1 to 3, or hot forming and a cooling fixing method. 

[Claim 6]In the joining body according to claim 5, it has a conclusion function part which consists of 
polyurethane system shape memory polymer, a time of making into D, an inside diameter of a conclusion 
function part of a female form joining body which makes d 0 an outer diameter in front of d t and secondary 
size enlargement, and serves as a fitting partner in an outer diameter in this conclusion function part, or a 
fitting part — a lower type (1) — and (2) 
d 0 < D, (1) 
d,> D, (2) 

A joining body of a male form characterized by producing this conclusion function part using the processing 
method according to any one of claims 1 to 3, or hot forming and a cooling fixing method so that it may fill 
simultaneously. 

[Claim 7]In the joining body according to claim 5, it has a conclusion function part which consists of 
polyurethane system shape memory polymer, When an outer diameter of a conclusion function part of a 
male form joining body which makes D 0 an inside diameter in front of D 1 and secondary size enlargement, and 
serves as a fitting partner in an inside diameter in this conclusion function part, or a fitting part is made into 
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d 1f it is d t < D 0 (3). 
d t > D, (4) 

A joining body of a female form characterized by producing this conclusion function part using the 
processing method according to any one of claims 1 to 3, or hot forming and a cooling fixing method so that 
it may fill simultaneously. 

[Claim 8]ln the joining body according to claim 5, it has a conclusion function part which consists of 
polyurethane system shape memory polymer, An outer diameter in front of d, and secondary size 
enlargement is made into d 0 for an outer diameter in this conclusion function part, When an inside diameter 
in front of D, and secondary size enlargement is made into D 0 for an inside diameter of a conclusion function 
part which consists of polyurethane system shape memory polymer of a female form joining body which 
serves as a fitting partner, or a fitting part, it is d 0 < D 0 (5). 
d t > D, (6) 

A male form characterized by producing a conclusion function part of a male form joining body and a 
conclusion function part of a female form joining body, or a fitting part using the processing method 
according to any one of claims 1 to 3, or hot forming and a cooling fixing method so that it may fill 
simultaneously, and a joining body of a female form. 

[Claim 9]Heights which exhibit a conclusion function in a joining body which consists of shape memory 
polymer, A decomposing method which decomposes a joining body where had at least one or more shape 
chosen from a group which consists of a crevice, an uneven part, a thread part, and an inclined part, and 
heat this conclusion function part more than glass-transition-temperature T r it made it soften and 
segregation load of a joining body is reduced. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to joining bodies, such as fasteners, such as the fastening part 
which performs conclusion with a thing and a thing, such as attaching parts to a main part or combining 
members, especially a screw thread, a bolt, a nut, a rivet, a clip, a clamp, and a snap fitting. 
[0002] 

[Description of the Prior Art]Electric appliances including electronic equipment and home electronics, a 
machine product, etc. consist of many parts, and are assembled with the screw thread or the fastening part 
of many including a rivet. However, in order to disassemble and recycle these products and to use resources 
effectively, decomposition cost poses a big problem. Since it will also become possible theoretically to 
change shape bordering on a certain temperature, and to abolish fastening force if the joining body which 
consists of shape memory materials (an alloy, polymer, etc.) is used, as a joining body of decomposition and 
recycling, and a premised product it excels dramatically. Therefore, it looked forward to the realization of a 
joining body based on such a thermal decomposition concept. 

[0003]The application to the pin with a bundle using a shape memory material which concludes using the 
heating shape recovery characteristic as a joining body is already published for an alloy and polymer 
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(Masahiro Irie editorial-supervision: "material development of shape memory polymer", CMC, p.25, 1989.). 
The fundamental proposal is already indicated also about the joining body which realizes a disassembler 
contrary to conclusion using the same characteristic (for example, JP,7-4407,A). However, although just the 
fundamental proposal is made about the joining body which gave temperature dependence to such fastening 
force, utilization is not yet made. This is because processing (secondary size enlargement or secondary 
shaping) was difficult in the shape recovery characteristic being small in the material into which that and the 
conventional trial production have been performed by that and polymer with the alloy. Therefore, it becomes 
the 1 st step towards utilization to find out the material which has sufficient moldability and the shape 
recovery characteristic, and cost evaluation is also eventually needed. 

[0004]When an alloy is compared with polymer about this material selection, the polymer of the shape 
recovery characteristic is overwhelmingly larger. Although the value is not usually filled with an alloy to 10%, 
the thing exceeding 100% also exists in polymer. It is in cost and overwhelmingly advantageous. Shape 
memory polymer is cheap in kg and 5000 yen /in general to the Thnickel system alloy which is a typical 
shape memory alloy being hundreds of thousands of yen/kg. Thus, since it is excellent in the shape recovery 
characteristic, its flexibility of a design is large, and since shape memory polymer is low cost, also when 
replacing the present joining body, it is overwhelmingly advantageous. Therefore, this invention persons 
chose shape memory polymer from this reason as a material, and considered application to a joining body. 
As described above, it was shape memory polymer outstanding in material, but the practically big problem 
existed about processing (secondary size enlargement) art. 

[0005]Generally the molding methods of shape memory polymer are injection molding, extrusion molding, 
cast molding, blow molding, etc., and can fabricate and memorize desired shape with these techniques 
(primary size enlargement or primary shaping). In order to perform modification from this state, it heats 
more than glass-transition-temperature T g , and polymer is made to change to a rubber field. It becomes 
possible, once it uses a rubbery state to make it change easily, and the shape is fixable if it cools below to T r 
with a deformed state maintained. Usually, it did in this way and new shape is given to the shape which 
carried out primary size enlargement (secondary size enlargement or secondary shaping). Since the 
deformed state is only maintained by the reversible phase (soft segment) by which forcible immobilization is 
carried out temporarily, if it heats again more than T r the mold goods after secondary size enlargement can 
be in a rubbery state, and can recover memory shape (shape of primary size enlargement). 
[0006]However, plastic deformation is performed after heating, since this secondary size enlargement 
method (hot forming and cooling fixing method) that fixes shape by cooling needs the thermo cycle of 
temperature up and a temperature fall, time is taken, productivity is low and cost is also this method. 
It was not used for mass production. 

Then, in addition to the technique of hot forming and cooling immobilization whose molding accuracy is 
comparatively high, this invention persons came to examine the cold-forming method the productivity hardly 
tried conventionally is high, as a secondary size enlargement method to polymer, although productivity was 
inferior, however — since shape memory polymer is a viscoelastic body, compared with metal, its 
deformability is small — modification — easy — a white blush mark — in order to cause - embrittlement, it 
is expected the cold forming itself and that it is very a technique accompanied by difficulty — the fact — it 
was right. Although press working of sheet metal, forging processing, and forming of rolling which are 
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specifically typical plastic working methods were actually tried, deformation sufficient on the conditions 
conventionally used with metal was not able to be obtained. 

[0007]In order to explain concretely that plastic working is difficult, thread rolling is taken up as an example. 
This molding method is the method of transferring the shape minced by the dice by rolling a form-rolling raw 
material between the dices of plurality (usually two). 

It is used for the screw-thread manufacture which is a typical joining body. 

The rolling speed of this form-rolling method has been one index, and, in the case of a metal screw thread, 
the production rate (equivalent to the stroke speed of a dice) by a flat-dies (board dice) form-rolling board 
is usually 100-400 part grade for /. Thus, form rolling is performed at high speed in order to secure 
productivity, but the direction of high-speed form rolling is said for the surface to become smooth. Since 
the low-speed form rolling cannot use the inertia of a flywheel, it requires big load for a motor, and it is not 
preferred on structure. The rolling speed (****** is the speed of the periphery of**) of the raw material at 
this time will have been about 20-80 cm/sec in speed in the screw thread of M6 class by JIS. 
[0008]About form rolling of polymer, although there are dramatically few examples of a report, for example in 
polypropylene. At a low speed, a screw thread does not stand too much, but the rolling speed of about 20 
cm/sec or more is desirably required (**** Ken-ichi: a "trend of actual condition [ of a plastic screw 
thread ], and research" Japan screw-thread research association magazine, 22 volumes, No. 12, p.385, 
1991.). This suggests that deformability has a rolling-speed dependency. 

It seems that the material property of becoming difficult to carry out plastic deformation is shown if the 
rolling speed is lowered. 

In low-speed form rolling not more than it, as well as a screw thread not standing, a slide arises at the time 
of form rolling, and the problem on the mechanism of the form rolling itself becoming impossible is also 
pointed out. Therefore, when carrying out form rolling of the polymer, a possibility that a rolling speed has a 
minimum must be taken into consideration/ 

[0009]On the other hand, in high-speed form rolling, since raw material temperature rises with heat by 
deformation and frictional heat, the problem of generation of heat must also be taken into consideration. 
The rise in heat by such generation of heat should have influence greater than metal for polymer, and also in 
order to suppress generation of heat, it seems that the to some extent later one of a rolling speed is 
desirable. It is because thermal conductivity is lower than metal, so it will be hard to diffuse heat and a 
material property will change with rises in heat a lot further in polymer. In the case of shape memory 
polymer which is especially thermoplastics, when a raw material carries out temperature up more than 
glass-transition-temperature T r the screw thread once fabricated at the time of form rolling carries out 
shape recovery immediately after secession from rolled dies, and a possibility that a screw thread will not 
fully stand may be expected. 

[0010]When the rolling-speed dependency of the screw-thread outer diameter was measured based on the 
above examination, even if it was a desirable rolling speed (about 20-50 cm/(sec)) in the polypropylene 
indicated to said report a screw thread hardly stood. The shape memory polymer used in this experiment is 
a thing of a polyurethane system, and glass transition temperature chose the thing higher enough than 55 ** 
and a room temperature. It cooled in consideration of generation of heat In order to carry out plastic 
working of the shape memory polymer as the example in this form rolling shows, a different effect from 
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metal must be taken into consideration, and though natural, processing conditions also differ from metal. 
The processing conditions of polymer with the example of a report were not able to be applied directly, 
either. Thus, in conventional technology, secondary size enlargement could not be efficiently given to shape 
memory polymer, and the joining body which has a thermal decomposition function was not able to be put in 
practical use by shape memory polymer as a result. 
[0011] 

[Problem(s) to be Solved by the Invention]As stated above, about the joining body which gave temperature 
dependence to fastening force using the shape memory material which recovers shape bordering on a 
certain temperature, A concrete material which may put it in practical use at the shape recovery 
characteristic, cost, a molding method, and all the points did not yet become clear, but although shape 
memory polymer was chosen in respect of the degree of shape recovery, and material cost, there was no 
secondary size enlargement method that productivity was high. Therefore, though it had fastening force 
sufficient at a room temperature, it did not yet realize but the joining body which loses fastening force above 
glass-transition-temperature T g was a technical problem with the big realization of a joining body itself 
which has the above-mentioned disassembler not to mention mass production. 

[0012]Though this invention was made in order to solve such a technical problem, and it has fastening force 
sufficient at a room temperature, it aims at realization of the joining body which loses fastening force above 
glass-transition-temperature T g . While selecting and developing the shape memory polymer which was 
specifically suitable for such a joining body, it is applying hot forming and a cooling fixing method as a 
secondary size enlargement method, or newly developing the cold-forming method. It is providing a realistic 
fastening part and decomposing method using these materials or a processing method. The still more nearly 
following technical problems can be considered about the latter. For example, since decomposition is not 
attained only by heating when the shape recovery characteristic is imperfect, it is expected that the 
technique of realizing decomposition such even case is also needed. 
[0013] 

[Means for Solving the Problem]A technical problem described above was solved, and in order to attain a 
place made into the purpose of this invention, selection and development of material which can realize easily 
a concept of a joining body which can be decomposed with heating in this invention were performed in the 
first place. Shape memory polymer which this invention persons selected is polyurethane system shape 
memory polymer (the Mitsubishi Heavy Industries, Ltd. development, brand-name diary). It has no less than 
400% of shape recovery characteristic, and material cost is also cheap in kg and about 3000 yen /. Since the 
range of shape recovery temperatures (glass-transition-temperature T g ) is wide compared with other shape 
memory polymer as shown in Table 1, Flexibility at the time of setting up decomposition temperature is large, 
and if a joining body with different T g is used, alternative decomposition will also be attained by raising 
decomposition temperature gradually. Since the range is extended to the elevated-temperature side, a large 
difference of anticipated-use temperature of a product and decomposition temperature can be taken, and 
danger of incorrect decomposition can be made small as much as possible. 
[0014] 
[Table 1] 
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[0015]About the second technical problem, i.e., a plastic working method of this material, an experiment and 
a trial production were actually performed and that condition was newly found out. A moldability to a screw 
thread of M6 class was examined in detail using a diameter phi5.2mm round bar material, using form rolling 
mainly as a secondary size enlargement method. As a result, plastic deformation irreversible deformation 
found out that it was greatly dependent on a rolling speed (rate of strain) and working temperature, and drew 
conditions required for processing to each. Hereafter, The means for solving a technical problem is 
described with the operation. 

[0016] Drawing 2 is the graph which showed clearly that how to stretch a screw-thread outer diameter has 
a rolling-speed dependency. In order to make a screw thread stand as explanation in the example, a rolling 
speed must be below 20 cm/sec at least, and especially a desirable rolling speed is below 5 cm/sec from a 
moldability. If considering a case where screw-thread size is changed from M6 class a material shaft outer 
diameter before processing is made into d 0 as explanation in the example, below 20x (d 0 /5.2) cm/sec can 
rewrite rolling-speed conditions mentioned above. Especially as for desirable conditions, below 5x (d 0 /5.2) 
cm/sec becomes. 

[0017] Drawing 3 is the graph which applied 1 axis approximation to the stress-strain characteristic in form 
rolling, and changed the rolling speed of drawing 2 into rate of strain. As explanation in the example, plastic 
working must be performed with the rate of strain below at least 14-sec" 1 , and especially desirable 
conditions are the rate of strains below 4-sec H from a moldability. Therefore, the invention according to 
claim 1 aims at realization of plastic working by setting up the conditions of the above-mentioned rate of 
strain in the plastic-working method of this shape memory polymer. 

[0018]The invention according to claim 2 aims at realization of forming of rolling by setting up the conditions 
of a rolling speed in the thread rolling of said shape memory polymer. These conditions are similarly realized 
about female screw part articles, such as not only an external threaded section article but a nut. Drawing 4 
is the graph which showed the effect of cooling which appears in a screw-thread outer diameter (moldability 
of a screw thread). In order to make a screw thread stand as explanation in the example, cooling below 
T g -(55-10) ** is needed at least and especially desirable conditions are below T g -80 ** from a moldability. 
[0019]Therefore, the invention according to claim 3 aims at realization of plastic working by setting up the 
conditions of the above-mentioned cooling temperature in the plastic-working method of said shape 
memory polymer. As stated above, as a concrete means for heating to realize easily the joining body which 
can be decomposed, this invention persons selected shape memory polymer of a polyurethane system, and 
newly developed the plastic working method for fabricating in still more arbitrary shape. It checked that 
sufficient secondary size enlargement was possible also with hot forming and a cooling fixing method. 
Although it is important whether shape recovery characteristic with this material and the mold goods by the 
combination of this processing method actually sufficient as the third technical problem is shown practically, 
and decomposition by heating can be performed easily, this is checked by trial production and described in 
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detail in an example. 

[0020]It can realize combining these materials and a processing method, and the typical example of the 
joining body which has a thermal decomposition function is shown in drawing 1 . A figure is what showed the 
screw thread which consists of polyurethane system shape memory polymer, and the joining body 
constituted with a metallic nut, and drawing 1 (a) shows the fitting state in a room temperature. The female 
screw of the male screw which is formed of secondary size enlargement and bears a conclusion function, 
and a metallic nut has fitted in. If this joining body is heated more than T ff a male screw will disappear nearly 
thoroughly, a nut falls out, and decomposition is completed. This state is shown in drawing I (b). This 
invention is indicated about the manufacturing method of the joining body which has such a thermal 
decomposition function, and various structures. 

[0021]The invention according to claim 4 constitutes a conclusion functional division from said polyurethane 
system shape memory polymer. Though shape memory polymer is used with this invention of using said 
polyurethane system shape memory polymer excellent in the characteristic, if it heats more than T , the 
joining body which can be decomposed easily is realizable. 

[0022]Furthermore, in addition to the invention according to claim 4, the invention according to claim 5 
carries out secondary size enlargement of the conclusion functional division using hot forming and a cooling 
fixing method, using either of the methods indicated to said claims 1-3. According to this invention, by 
heating more than T r a conclusion functional division carries out shape recovery, and since a conclusion 
function is lost, perfect decomposition is attained. In the joining body which consists of a male form which 
fits in mutually and suits, and a female form, the invention according to claim 6 makes smaller than the 
inside diameter of the fitting part a fitting partner's female form joining body the outer diameter in front of 
the secondary size enlargement of the external threaded section which consists of said shape memory 
polymer, or ring shape heights. According to this invention, by heating more than T r it becomes possible to 
make the outer diameter of an external threaded section or heights smaller than the inside diameter of a 
fitting part, and it becomes possible to make segregation load into zero. 

[0023]In the joining body which similarly consists of a male form which the invention according to claim 7 fits 
in mutually, and suits, and a female form, The inside diameter in front of the secondary size enlargement of 
a fitting part called the female screw part or ring shape heights which consists of said shape memory 
polymer is made larger than the outer diameter of the fitting part a fitting partner's male form joining body. 
According to this invention, by heating more than T r it becomes possible to make the inside diameter of the 
fitting part of a female part article larger than the outer diameter of the fitting part of a male part article, and 
it becomes possible to make segregation load into zero. 

[0024]In the joining body which consists of a male form which the invention according to claim 8 fits in 
mutually, and suits, and a female form, The inside diameter in front of the secondary size enlargement of a 
fitting part called the female screw part or ring shape uneven part which consists of said shape memory 
polymer is made larger than the outer diameter in front of the male screw of a fitting partner's male type, or 
the secondary size enlargement of a ring shape uneven part. According to this invention, by heating more 
than T g , it becomes possible to make the inside diameter of the fitting part of a female part article larger 
than the outer diameter of an external threaded section or an uneven part, and it becomes possible to make 
segregation load into zero. 
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[0025]The invention according to claim 9 is a decomposing method decomposing a joining body with external 
force in the state where it heated more than T r Since according to this invention fastening force will decline 
remarkably by softening if it is the temperature more than T g even when shape recovery is insufficient 
decomposition becomes easy. It is preferred to use said polyurethane system shape memory polymer which 
has the outstanding characteristic as shape memory polymer. Even if it is a joining body of only primary size 
enlargement, decomposition will become easy if this method is used. Therefore, according to these 
inventions, it becomes possible to disassemble the simple product moreover constituted by slight tensile 
force by many joining bodies at a stretch. 

[0026]It is as follows when an operation of this invention mentioned above is summarized. According to this 
invention, it can carry out possible [ of the secondary size enlargement by conventionally difficult cold 
forming ] by specifying the plastic-working conditions reflecting the material property of polyurethane 
system shape memory polymer. And by using polyurethane system shape memory polymer according to this 
invention, It is possible to realize the joining body which can be easily decomposed with heating, and further, 
by giving the basic constitution of the joining body using the above-mentioned processing method, a 
conclusion functional division carries out shape recovery with heating, and can realize the joining body 
which loses fastening force. 

[0027] According to this invention, in the concrete joining body which consists of a female part article and a 
male part article, the fastening structure which loses fastening force with heating is realizable, exhibiting a 
conclusion function at a room temperature by adjusting the relation between the inside diameter of a female 
part article, and the outer diameter of a male part article. Even when the shape recovery by heating is still 
more imperfect according to this invention, heat softening can decompose easily. As mentioned above, by 
choosing the polyurethane system shape memory polymer which has the outstanding characteristic 
according to this invention further, As a secondary size enlargement method of said shape memory polymer, 
the joining body of a thermal decomposition concept is realizable by making cold forming possible in addition 
to hot forming and a cooling fixing method. By providing the decomposing method by heat softening 
collectively, low cost and effective decomposition are attained and recycling is considered to become very 
easy. 
[0028] 

[Embodiment of the Invention]Hereafter, the suitable embodiment of this invention is described, using a 
drawing as a concrete example. First, the processing method and manufacturing installation of shape 
memory polymer concerning the first example of this invention are explained. There is no data of the 
cold-forming method about the polyurethane system shape memory polymer which this invention persons 
chose, the experiment and the trial production were actually performed, and the condition was newly found 
out. As the cold-forming method as a secondary size enlargement method, form rolling was tackled mainly. 
The raw material used for form rolling is a raw material which has a head as the round bar or screw thread in 
which a diameter has a shank which is phi5.2mm mostly, and examined the moldability to the screw thread of 
M6 class in detail. As a result, the remains distortion amount (plastic deformation irreversible deformation, 
the amount of permanent deformation) found out that it was greatly dependent on a rolling speed (rate of 
strain) and working temperature, and drew conditions required for processing to each. First, drawing 2 is the 
graph which showed clearly that how to stretch a screw-thread outer diameter has a rolling-speed 
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dependency. Data is based on a flat-dies (board dice) form-rolling board and a circular-screwing^die 
form-rolling board, and form rolling was performed on standard conditions except having changed the rolling 
speed. Since a screw thread hardly stands as for a rolling speed (****** is the speed of the periphery of**), 
in order to make a screw thread stand to some extent above 20 cm/sec, it became clear that it must be a 
rolling speed below 20 cm/sec at least Especially a desirable rolling speed is 5 cm/sec or less which can 
secure about 70 percent of the maximum plastic deformation irreversible deformation and from which 
sufficient fastening force is acquired. Reflecting the material property that deformability changes with rate 
of strain, by reducing rate of strain, deformability has been improved and this became distinct [ that a 
moldability improves ] with this material. 

[0029]Considering the case where screw-thread size is changed from M6 class, with the metric thread 
specified to JIS also as screw-thread shape, therefore dice shape. In order that it may not be based on the 
size of screw-thread size but the shape may show a similar relation mostly (the ratio of a screw-thread 
outer diameter and the diameter of a raw material becomes about 1.1), rate of strain are mostly determined 
by revolving speed. Therefore, the rolling-speed conditions mentioned above when the shaft diameter 
(diameter of blank) of the raw material (blank material) before processing was made into d 0 in consideration 
of screw-thread size, Below 20x(do/5.2) cm/sec can rewrite, and, especially as for desirable conditions, 
below 5x (do/5.2) cm/sec becomes. Therefore, it is necessary to process it at speed including these 
conditions for effective processing. It is contained also when holding a rolling speed on these conditions 0. 
[0030j Drawing 3 is the graph which changed the rolling speed of drawing 2 into rate of strain. If it considers 
that the springback of the raw material compressed for the dice is small enough and approximation of 1 axial 
deformation is applied, rate of strain can be expressed like the following (7) types using a rolling speed and 
the compression velocity of a die surface (peak parts) to a material shaft center. 



ft. vtt*tttt*<oica-r*^* ffl (u, S ) o&mmA. **n*n*r 0 ] 

This graph shows that plastic working must be performed with the rate of strain below at least 14-sec" 1 , in 
order to make a screw thread stand. Especially desirable conditions are the rate of strains below 4-sec" 1 by 
the same reason as the case of a rolling speed. Therefore, it is necessary to process it at speed including 
these conditions for effective processing. It is contained also when holding rate of strain on these 
conditions 0. Here, in the case of flat dies, in the case of the degree of angle of lead in, and the circular 
screwing die, it calculated about the compression velocity nu using the slippage speed of a dice. Thus, once 
it converts into rate of strain and makes this into an index, the condition can be easily applied also to 
plastic-working methods other than forming of rolling from which it separated from standard conditions, and 
also form rolling, and it is dramatically useful. When the rate of strain dependency of the remains distortion 
amount (plastic deformation irreversible deformation) was confirmed by other plastic-working methods, 
such as heading and press working of sheet metal, the same tendency as form rolling was actually obtained. 
Therefore, these conditions are applicable to the general plastic-working method for this material. 
[0031] Drawing 4 is the graph which showed an effect of cooling which appears in a screw-thread outer 



[Equation 1] 




(7) 
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diameter (moldability of a screw thread). Glass-transition-temperature T g of shape memory polymer used 
for an experiment is 55 **. This graph shows that it is effective to carry out forced cooling to a temperature 
lower than about at least 10 ** or less and a room temperature, in order to make a screw thread stand. In 
addition to an effect which removes compulsorily generation of heat produced by form rolling, this is 
considered to be also the result of having decreased spring back quantity using the temperature 
dependence of spring back quantity produced immediately after plastic deformation. Since it is thought that 
this shape memory polymer moves almost in parallel [ the temperature dependence of a stress-strain 
characteristic ] by movement of T ff to material of different T r it is necessary to perform cooling not more 
than T g - (55-10) =T g -45 ** at least. Especially desirable conditions are below T g — 80 ** which can secure 70 
percent of the amount of maximum deformation. This condition is applicable to other plastic-working 
methods needless to say. Therefore, in order to perform plastic working of this polyurethane system shape 
memory polymer, while reducing a rolling speed (rate of strain), it turned out that it is very effective to fully 
cool a raw material. 

[0032] Drawing 5 is an explanatory view of a manufacturing installation which realizes this processing 
method. In drawing 5 , although thread rolling by a circular-screwing-die form-rolling board is taken up as a 
processing method, as a form rolling device, a flat-dies (board dice) form-rolling board, a planetary 
form-rolling board, or a female screw form-rolling board (tapper) may be sufficient. A circular-screwing-die 
form-rolling method is a processing method which transfers shape minced by dice by putting the raw 
material 52 (here round bar material) which consists of shape memory polymer, and pressing a die surface 
between the two rotating circular screwing dies 51 A and 51 B. A raw material in a case of processing it into 
a joining body eventually is produced by casting or injection molding including a head. 
[0033]As drawing 2 and drawing 3 showed, already Conditions of claim 1 and claim 2, a jam, In order to 
realize below 14 sec of rate of strain "\ and below rolling-speed 3.8xd 0 cm/sec (d 0 is a diameter of a material 
shaft), A gearing system must be established using a low-speed type thing as a drive motor, speed must be 
reduced, and a gearing system is used in consideration of compatibility with high-speed specification here. 
Although the numerical control of the rotational movement speed of a dice is carried out, especially as a 
rolling speed (a raw material rolling speed), considering a moldability, a rolling speed below 0.96xd 0 cm/sec is 
desirable, and this is a super low speed as compared with a rolling speed of a metal material. However, since 
a raw material is soft polymer, big torque is not needed. 

[0034]53 is a coolant gas spraying type cooling system, has the capability for cooling temperature 
conditions (below T g -45 **) of claim 3 shown in drawing 4 t o be clearable, and can spray the coolant gas 54 
of 10 ** of minus numbers by adiabatic cooling. The spray nozzle 56 is equipped with the thermo sensor 55, 
and it can display temperature of a raw material mostly. Here, a fluid may be dropped although gas was used 
as a coolant. A raw material and a dice may be cooled individually, such as cooling a raw material using same 
technique near [ 57 ] the feed hopper of a conveyance system, and cooling a dice with cooling devices, such 
as a Peltier device. In cooling below to a room temperature, in order to prevent dew condensation of a 
form-rolling board, dry air is passed around a raw material and a dice. 

[0035]Here, although a mechanism in which this processing method was realized about a form-rolling board 
was shown, it can think the same way with a forging header or a press-forming machine. As mentioned 
above, an example about the first example of this invention and a manufacturing method was described. 
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[0036]Next, a joining body which consists of shape memory polymer concerning the second example of this 
invention is explained. First, drawing 6 is a figure showing shape of a male screw produced according to the 
first example, and glass transition temperature of used polyurethane system shape memory polymer 
(brand-name diary) is 55 **. Although an axial outer diameter after processing hardly stood with phi5.26mm 
to material shaft outer diameter phi5.24mm in the same form-rolling conditions (rolling speed: 33 cm/[ sec 
and ], form-rolling temperature:room temperature) as steel screw threads as for a screw thread, As a result 
of reducing a rolling speed to 1 cm/sec and performing -45 ** forced cooling, male screw shape shown in 
drawing 6 was obtained. It seems that this is probably the first time that shape which has a conclusion 
function by secondary size enlargement was given to shape memory polymer. Shape recovery was carried 
out nearly thoroughly as it was shown in a figure, when it held for 1 minute at 70 ** and the shape recovery 
characteristic was checked. Digital data is shown in Table 2. 
[0037] 
[Table 2] 



&2 uv-fr fc&ai&febosctfx--* 











ft&tf (urn) 


5.25 


5.67 


5.26 



[0038]As mentioned above, not only described cold forming but hot forming and a cooling fixing method 
were examined collectively. When heating and cooling at 70 ** and 20 ** were performed using big water of 
specific heat, snap fittingHike heights (projection) could be formed and shape recovery was carried out 
nearly thoroughly by heating at 70 ** again. However, a thermo cycle which secondary size enlargement 
took was about 30 seconds. Thus, if a plastic-working method between main cooling, and hot forming and a 
cooling fixing method are used using this material, a joining body which can realize a thermal decomposition 
concept is producible. 

[0039]A threaded fastener is made into an example and the basic structure is shown in drawing 7 . Drawing 7 
(a) expresses a change of state that an external threaded section disappears, by heating more than T ff about 
a male part article (screw) which consists of shape memory polymer. Here, since it was easy, a case where 
an external threaded section disappeared was illustrated, but an external threaded section outer diameter 
may contract actually. Since it extends a shank of a screw thread to shaft orientations rather than the 
form-rolling forward in producing a screw thread by form rolling, when heating shape recovery is performed, 
it will be shrunken by shaft orientations. 

[0040] Drawing 7 (b) expresses the change of state that a female screw part disappears, by heating more 
than T g about the female part article (nut) which consists of shape memory polymer. Here, since it was easy, 
the case where a female screw part disappeared was illustrated, but a female screw part inside diameter 
may be expanded actually. 

[0041]Next, (c) - (e) of drawing 7 shows the decomposition state of a joining body where the 
above-mentioned threaded fastener was used. Drawing 7 (c) corresponds to claim 6, and shows the joining 
body making smaller than inside diameter D t of a fitting partner's female screw part outer diameter d 0 in 
front of the secondary size enlargement of the external threaded section which consists of said shape 
memory polymer in the joining body which consists of a male form which fits in mutually and suits, and a 
female form. When the outer diameter of the external threaded section after secondary size enlargement is 

12 



JP 2003-145564 

made into d,, a formula (1) expresses a decomposing condition and a formula (2) expresses conclusion 
conditions. 
d 0 < D, (1) 
d t > D 1 (2) 

Therefore, by heating more than T r it becomes possible to make the outer diameter of an external threaded 
section smaller than the inside diameter of a female screw part, and it becomes possible to make 
segregation load into zero. However, since the rate of shape recovery will not be 100% actually, when the 
outer diameter of the external threaded section after carrying out shape recovery is made into d 0 ' (>d 0 ), a 
formula (1) is d 0 ' < D, (8). 

It becomes a little severe conditions. Here, since it was easy, the case where an external threaded section 
disappeared was illustrated, but an external threaded section outer diameter may contract actually, and a 
head may contract and disappear. 

[0042] Drawing 7 (d) corresponds to claim 7, and shows the joining body making larger than outer diameter d t 
of a fitting partner's external threaded section inside diameter D 0 in front of the secondary size enlargement 
of the female screw part which consists of said shape memory polymer in the joining body which consists of 
a male form which fits in mutually and suits, and a female form. When the inside diameter of the female 
screw part after secondary size enlargement is made into D 1f a formula (3) expresses a decomposing 
condition and a formula (4) expresses conclusion conditions. 
d t < D 0 (3) 
d,> D, (4) 

Therefore, by heating more than T gl it becomes possible to make the inside diameter of a female screw part 
larger than the outer diameter of an external threaded section, and it becomes possible to make segregation 
load into zero, however — since the rate of shape recovery will not be 100% actually, if the inside diameter 
of the female screw part after carrying out shape recovery is made into D 0 ' «D 0 ) — a formula (3) — d^<D Q ' 
(9) 

It becomes a little severe conditions. Here, since it was easy, the case where a female screw part 
disappeared was illustrated, but a female screw part inside diameter may be expanded actually. 
[0043]In the joining body which consists of a male form which drawing 7 (e) corresponds to claim 8, fits in 
mutually, and suits, and a female form, When the male screw and the female screw are formed of the 
secondary size enlargement of shape memory polymer, the joining body making the inside diameter in front 
of the secondary size enlargement of a female screw part larger than the outer diameter in front of the 
secondary size enlargement of a fitting partner's external threaded section is shown. When an old sign is 
used, a formula (5) expresses a decomposing condition and a formula (6) expresses conclusion conditions. 
d 0 < D 0 (5) 
d,> D, (6) 

Therefore, by heating more than T gl it becomes possible to make the inside diameter of a female screw part 
larger than the outer diameter of an external threaded section, and it becomes possible to make segregation 
load into zero. At this time, the conditions which consist of the formula (5) and (6) become looser than the 
conditions of claims 6 and 1. However, actually, the rate of shape recovery is d 0 ' < D 0 f (10), when the 
diameter of inside and outside after shape recovery is used, since it does not become 100%. 
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It becomes severe a little from a next door and a formula (5). Here, since it was easy, the case where an 
external threaded section and a female screw part disappeared was illustrated, but an external threaded 
section outer diameter may contract actually, a head may contract and disappear, or a female screw part 
inside diameter may be expanded. 

[0044]Such a manufacturing method of an external threaded section and a female screw part is based on 
plastic working. Specifically, they are form rolling, forging, and press forming. In the case of form rolling, that 
of form rolling and the female screw with which the male screw used rolled dies should just perform form 
rolling which used the plastic-working type rolled tap like the usual metal goods. When the outer diameter of 
an external threaded section contracts and the inside diameter of a female screw part is expanded, a thread 
part can also be fabricated by cutting. When the inside diameter of a female screw part is expanded, a 
female screw part may be fabricated with a tapping screw. 

[0045]Since in the case of heading the raw material itself will try to spread in a diameter direction if a raw 
material is compressed into shaft orientations, a male screw is fabricated with a rate dice. Since it is going 
to contract to an inner diameter direction if a raw material is compressed into shaft orientations, where the 
dice in which the male screw is formed is inserted, a raw material is compressed into shaft orientations, and 
a female screw is fabricated in a female screw. Or where the dice in which the male screw is formed in the 
raw material is inserted, when an inside diameter presses fit in tapered shape into the dice which is narrow, 
it compresses into the diameter direction of a raw material, and a female screw is fabricated. 
[0046]In a press, the rate dice in which female screw shape was formed is pressed against a diameter 
direction, and a male screw is fabricated. What is necessary is in the case of a female screw, just to 
compress simply in a diameter direction, where the dice in which the male screw is formed in the raw 
material is inserted. In forging and a press, the dice which was inserted in the hole for female screw shaping 
and in which the male screw is formed, If what is necessary is just to draw out after female screw shaping, 
rotating either a female screw or a dice and it is made the rate dice, it will also become possible by changing 
how to construct a dice and reducing the outer diameter of the whole rate dice to draw out a dice simply. 
[0047]Of course besides the method described concretely here, the forming process by hot forming and 
cooling immobilization may be used. According to a formula (1) and (6), by making the outer diameter before 
form rolling of a male screw smaller 0.1 mm than the inside diameter of a nut section article actually shows 
the data of the joining body which realized the thermal decomposition concept to drawing 8 . the stud to 
which the produced joining body has an external threaded section on both sides — it is a screw thread of a 
type and the metallic nut was used for the fitting partner. Drawing 8 (b) is an imaged figure of the 
decomposition examination which did the tensile test in the thermostat, and drawing 8 (a) is a test result 
What pulled the screw thread of a form-rolling state at the room temperature was fractured not by a shank 
but by the thread part like the usual metal screw thread, and it was shown that the intensity of the screw 
thread itself is high as shown in drawing 8 (b). The maximum tensile load at that time showed 1 19.1kgf and 
sufficient value. If this value is converted into a stress display using a stress area, it will be set to 58MPa, 
but this is larger than the value (47 - 51MPa) which hard vinyl chloride (PVC) shows, and equivalent to the 
value (54 - 60 MPa) which polycarbonate (PC) shows. That is, it has checked having intensity sufficient as a 
polymer screw thread (plastic screw thread). Next, when it was going to check a room temperature and the 
decomposition mode in T g +20 ** after shape recovery at T g +20 **, the male screw disappeared in the middle 
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of heating, and the metallic nut was omitted with gravity and it decomposed. 

[0048]If full use of the newly developed processing method is made and conditions relevant between the 
outer diameter of a male screw, and the outer diameter after shape recovery and a minor diameter of nut 
are set up using polyurethane system shape memory polymer as mentioned above, it will become possible to 
realize a joining body like drawing 1 which has a thermal decomposition function, in this example, the joining 
body which has a thermal decomposition function similarly in the combination of a male screw, a simple 
external threaded section article which is called a nut, and which have other functions although it combined 
and came out, and a female screw part article is obtained. 

[0049]Next, the joining body of shape memory polymer concerning the third example of this invention is 
explained. The second example is related with what is called a threaded fastener, and takes up joining bodies, 
such as the other snap fitting, to drawing 9 as the third example. It is the structure corresponding to 
[ corresponding to / corresponding to claim 6 in drawing 9 (a) / claim 7 in drawing 9 (b) ] claim 8 in drawing 
9_(c). The conditions about an inside diameter and an outer diameter and a manufacturing method are the 
same as that of the case of the second example. Although not clearly shown in a figure, the outer diameter 
of a conclusion function part may contract about a male form joining body, and the inside diameter of a 
conclusion function part or a fitting part may be expanded about a female form joining body. That the inside 
diameter of a fitting part is expanded refers to the case where the inside diameter of a fitting partner's pipe 
shape female part article expands and decomposes to the snap fitting of the shape for example, of 91e. In 
drawing 9 , since it is easy, while only section structure is shown, the fastener is omitted like drawing 7 . 
[0050]The decomposing method of the joining body which becomes the last from shape memory polymer 
concerning the fourth example of this invention is explained. This invention is the technique of being related 
with the decomposing method indicated to claim 9, heating the joining body which consists of shape memory 
polymer more than T g , making it soften, and decomposing easily by reducing segregation load. The example 
is shown in drawing 10 . An external threaded section article consists of shape memory polymer, and a 
female screw part article is metal. Except the point which made the inside diameter of the nut section 
article smaller 0.1 mm than the outer diameter before form rolling of a male screw, it is the same as that of 
drawing 8 of the second example. At this time, even if the outer diameter in front of the secondary size 
enlargement of an external threaded section is larger than the inside diameter of a female screw part and it 
heats more than T ff the automatic decomposition by gravity does not take place. However, since it softens 
rapidly, in the temperature conditions more than T g , it becomes possible to decompose with minute external 
force. Although the maximum tensile load in a form-rolling state was 1 19.2kgf, when pulled heating at T K +20 
**, it was actually able to be decomposed by the power of small 0.8kgf. Therefore, if assuming minute 
external force when decomposing is permitted, there is no necessity of carrying out shape recovery 
thoroughly with heating, shape with the primary size enlargement which does not perform secondary size 
enlargement may be sufficient, and a conclusion function part may be further fabricated by cutting. The 
joining body of various structures can be decomposed at once with slight external force, without receiving 
most restrictions of shape according to this decomposing method. The structure of the target plastic joining 
body is shown in drawing 1 1 and drawing 1 2 . The joining body of Examples 2 and 3 is also the target of a duty 
solution on the character of a duty solution. Although these joining bodies support either of claims 4-8, 
since restriction of the necessity for secondary size enlargement the shape recovery characteristic, etc. 
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may be eased, by the duty solution method, you may not be shape memory polymer in particular of a 

polyurethane system. 

[0051] 

[Effect of the Invention]According to this invention, the conventionally difficult cold-forming method was 
made possible with the plastic working method reflecting the material property of polyurethane system 
shape memory polymer. By this, it becomes possible with a volume production level, and has complicated 
shape, and it can be cheap and the secondary size enlargement of polyurethane system shape memory 
polymer can supply now the high shape memory polymer products of added value, such as having the 
heating shape recovery characteristic, in large quantities. According to this invention, though it becomes 
possible to manufacture the product which recovers shape with heating, especially a joining body and has 
fastening force sufficient at a room temperature by this, the utilization of a joining body which loses 
fastening force above glass-transition-temperature T g is attained. Furthermore, according to this invention, 
even when the shape recovery by heating of a joining body which has said thermal decomposition function is 
imperfect, heat softening can decompose easily. 

[0052]Since it becomes possible to also disassemble easily the product conventionally disassembled by 
crushing by these, the recycling which does not do damage to parts is attained. Since it becomes possible to 
reduce a worker's burden and to improve safety and becomes possible to reduce substantially the time 
which decomposition and recycling take, it can contribute also to cost reduction greatly. For this reason, 
arrival of the recycle-orientation which should come is accelerable. 
[Brief Description of the Drawings] 

[Drawing 1] It is a key map of the joining body which has a thermal decomposition function which consists of 
shape memory polymer. 

[Drawing 2] It is a characteristic figure showing the rolling-speed dependency of a screw-thread outer 
diameter. 

[Drawing 3] It is a characteristic figure showing the rate of strain dependency of a screw-thread outer 
diameter. 

[Drawing 4] It is a characteristic figure showing the form-rolling temperature dependence of a screw-thread 
outer diameter. 

[Drawing 5] It is an explanatory view of the manufacturing installation concerning the first example of this 
invention. 

[Drawing 6] It is an explanatory view showing the shape of the male screw concerning the second example of 
this invention, and the shape after heating shape recovery. 

[Drawing 7] Are thermal decomposition of the joining body (threaded fastener) concerning the second 
example of this invention a shown explanatory view, and (a), The explanatory view showing the heating 
shape recovery of an external threaded section article and (b), The explanatory view showing decomposition 
according [ the explanatory view showing decomposition according / the explanatory view showing the 
heating shape recovery of a female screw part article and (c) / to the heating shape recovery of an external 
threaded section article and (d) ] to the heating shape recovery of a female screw part article and (e) are 
the explanatory views showing decomposition by the heating shape recovery of an external threaded 
section article and a female screw part article. 
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[Drawing 8] It is a chart showing maintenance/thermal decomposition characteristic of the joining body 
which consists of shape memory polymer concerning the second example of this invention, and the table in 
which (a) shows a test result, and (b) are examination imaged figures. 

[Drawing 9] Are the structure of a joining body and thermal decomposition concerning the third example of 

this invention a shown explanatory view, and (a), The explanatory view showing decomposition according 

[ the explanatory view showing decomposition by the heating shape recovery of a male part article and (b) ] 

to the heating shape recovery of a female part article and (c) are the explanatory views showing 

decomposition by the heating shape recovery of a male part article and a female part article. 

[Drawing 10] It is a chart showing maintenance/thermal decomposition characteristic of the joining body 

which applied the decomposition technique concerning the fourth example of this invention. 

[Drawing 11] It is a perspective view of the joining body concerning the fourth example of this invention, and 

(a) is a perspective view of an external threaded section article, and (b) is a perspective view of a female 

screw part article. 

[Drawing 1 2] It is a perspective view of the joining body concerning the fourth example of this invention, and 
is a perspective view of a fastener part 
[Description of Notations] 

1 1 The screw thread which consists of shape memory polymer 

12 The screw thread by secondary size enlargement 

13 The thread part which carried out shape recovery and disappeared 

14 Nut 

51 A, 51 B circular screwing die 

52 Form-rolling raw material 

53 Cooling system 

54 Coolant gas 

55 Thermo sensor 

56 Spray nozzle 

57 Conveyance system 
71a— 71 h screw thread 
72a-72h Nut 

91a-91n Male part article 
91a-92n Female part article 

The screw threads which consist of 1 1 1a~1 1 1 1, shape memory polymer 
The nuts which consist of 112a - 112e shape memory polymer 
The fasteners which consist of 113a - 113x shape memory polymer 

[Translation done.] 
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X^afcMLTa, MRcMI-Kff«fTV\ ^©&<* 
fCffll/\ iIg05.2iiui©ft#SSlft£fflt^TM6*7X©:fa 

sit, tismst (M^rnm) ttsaxmBuz*.z<w?L 

[0 0 16] H2te, tau^©ffi!)#fc:tejfi>ifite# 

jtjt£*<20 cm/seclXTT-&ltttMt&£>1\ #fC#3:L 
l«jfS«. J*fBtt*»&5 cm/secJ-XTT'&So 

fa cim x^m 6 * ^xa^s bfc*a-?:#^ s t , 

Sfc. ±»Lfc<Bfiafi*fl : tt, 20 X (do/5.2) cm/ 
sectTF 3 Cfc#T*#-5 0 Sfc, #f<:JGFS:U 

V**frtt, 5X (do/5.2) cm/secWTfc&So 

[0 0 l 7] H3te, ejifcfeitSJS^-Ji^tttc- 



IftJfifK^jiffl LT, 0 2 ©«tejg3iS%S*jifi{C^«i L 
fe^57t**5. Hfi60>J^©iHW©SIt), tfe l 

4 sec 1 WT©ft*3*ft'PfflttllI01*ff t>fttJ-ntf*6 

^ttien^y T-offlttiiixaKfev^T, xts^^jig 

fct©T'^S„ 

[0 0 l 8] Sft, M3Rni2E««>9nWt. B5IB}g«3e 
40 tttfyv-ClBffliolffifcfe^T, IS)fiSa©*fr«ria 

^•rscttctoT, eii*px©si3Eg%0ofct>©T*a6 

5 «aCiU©«tt) K3in5^©^iS^Lfc^7 
46(C«^ fctT 8 -(55-10) CUTOWPMiff 

[0 0 19] Lfc^oT, !S*W3Ei8©^tt, suia 

so ff^iBit^uv-©gg'tti)pitttcfe^T, ±ie^aiaa 



(5) 



0 0 3 - 1 4 5 5 6 4 



fc &©■*?<&«. 12Ujf"<TefcJ:*fc* *5Sfl#6tt, 
©lltttt&^JS t LT, 'J •> lx jr yjROJBUOEIt* 'J 

fee #lffl±ti. 3!=©»llfcLT, tf**PX 

[0 0 2 0] iineffl, 4nl#»fcfi#t>4tTS8BT? 

T% ai (a) ttMlCttttStt&KlttipLfcfcO'? 

K«UT»)K^7f4. C©tt»*Hl (b) fcl* 
[00 2 1] Ift&H 4 &«©»&(*< tttsttaes^M 

IB* y * :/3&b«ib*# y sisjkts c 

[0 0 2 2] ?6t»*«5E«©«lHB:, ffl$£4£ so 
E«2nfc#?£©^1*ttfr£ffl(,>T, S&SWijbnftaJBB 

oT, ««i«IIEfl^««EI«L, ISfcrtMSfcfcS©* 
It. 5^KK#U&3«B& IGBfrefeSllttfttictt^ 

t , Afte^KEtt^ y & t * ^ y 

[0 0 2 3] nma. K3»!S7 8a«05»fl»4, S^fctt 

Eit * y a> e, & a jite uaufc a i ■>« y > t 
te(*©K£»ffi©ttg * o < -r*c fc«$«fc-r 

5WT'^„ *aWKJ:nif, T>£U:lcinIM"«Cfc so 



[0024] j^ic, m&n8Gao»ntt. si^ick 

Ett^yv-A^e.^SfitteCeBfeSi/Hiyv^iafla 

[0 0 2 5] »*«9E«8©«W«s T g «±Ki0 

tH, l*)WB©*©|«|gtt:T?feoTfc, C©77)4^ffl 
fttf. L*^t>1**>ft3iaWjK:±-3T*<©» 

[0 0 2 6] luiEL/c*|ga^©^ffl^ti:i6StWT© 
Clefts,, *»9ifcJ:*l(f. U*>«JB«Etl 

#yv-©*r«i^*sttLfcffltt*iii*fr*»«-r* 

c tlc£9^ S6#ffl8tT3& o fctflfflffittAnifc: «fe a 2 & 

[0027] *awtej:*iar, ftftguat wmjp 

©*tgfc©B«*SlfflS-r«ci:KJ:9, ^ST-tiligiSSti 

**f s#'j * y*»«cit# y v-*aj?-r * c 

kKJ:9, S^lcti. WEJBttEft*yv-©z*|We 



(6) 
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[00 2 8] 

*©*fl=**rfefcjiaLfc. zUWWBffifcLTOttlBffl 
< fife 15 1 LTtDvmZ^tZmttT'&r), M6*-7X(D 

ft^ftfcttL.T*PXfc^&fcfr*»£tfiLfto **\ 
■ 2 tt. te l5ftg©?I 0 #fc1Bffiratt#tttf« set 

aat***fc«^tt«»»a*fri»(BB*ffoft. gig 

3Ifi (SfcWEtfOOflJBOiSK) A<20 cn/secfeUlT* 20 
fc, Wcff*U*aSUE(ix «*ffl19SBB»©*5.}:* 

Cit4>, ittM»«flE, r<u (r*«JR»j|sg 
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[0 0 2 9] tatCyjXZHGiryXfrbgML 

t>jisic^snfc^-h;i/tei;T«, tetiMX©*: 
tt&fcifa#gfc©J±«l.lg8»cfc5) . 3*aS«l2l 

fcdofc-TSi, ±i*LftlBfij«S^fefftt, 20 
x (do/5.2) ca/seci5CFfc§t«*SC 
1*K:if * U^tttt, 5X (do/5. 2) cm/secJ.XT£:& 
S„ L/cA^oT. &mW&i>PX©fc4&K«Cft6©&# 

£#t?8fiTifrpx*fTfc5&gtfa&s 0 ftfe, c*xe>© 
[0030] 03 a, B2oiEifiaft«s»aft(csdk 

-fXffi (0jg|?) OEBSiafiSfflV^T, J-XT© (7) s£© 
J;9{c^-f ckA*T*#S„ 
[SKI] 



(7) 



t> 1 4 sec"' JMTOS*a«"PfflttiOI*fft)a»ttltf 

©l-^-tleimatoi:*!? 4 sec-' J-XT<Dg*jgJ8T'<& 
So LftAbT^ $£W&i)PX©fti&£acft£©&ff 



[0 0 3 1] H4(ts fcUfl-S (teCilj<Dj£Jgtt) tc§l 



30 

rSSfitTfcffiiJ: 0 fe^^igfifc^J^ai-rsc t A* 
15 5 X 7° U > {T/ < y » «©igStt#tt?r ipjffl LTX7°'J 

TgOWBKttLTtt, '>^< kfeT g -(55-10) =T 8 -4 

>iS) s t k t k x mw^+^tci^in-r 5 c k 

[0 0 3 2] 85ft C©*nXffi*HS-r««GiSBO 

i!iWi!T-*So 0 5»cfc<,vr«, tox^tLTjti^ 

so ■kLT«¥^i'x mmm j P7 : 7*fiv- 



(7) 
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*,^i'x|gjtjStt|5ie-rsr:o(D3ti^-i'X5 l 

A, 5 lBOraK^tt8B«J}?yv-*^S:SiR«5 2 (C 
cT-fiftt?*}) LMiTSCi: 
ted; 0 ^Xfc»*tift»K«(E3i"r*ftil3!rtt-pJ5 

C0 0 3 31 BEK:, 02, 0 3 T'^Lfcct SfctlW&Bl 
feiyflf^lZO^tt, Oft), 4sec-'J-X 
T, *3j:t>*e3i3ifi3.8Xdo cm/secOT (dottJRMW 

[0 0 3 4] 5 SttftWtfXlfcftttt^yOftlJlgH 
H4fc^Lfc»3iW3©?&3liBfi*fl : (Tg-45 

v^XSH-'COftaitfX 5 4 fciftftttt 5 £ t tfT't 
5o igS-fe>-9— 5 5ttPS?f?tttt/X^5 6tC^«*n 
T43t). (i(?*«Ojg**^-r5CfctfT-f?5„ ££ 



12 

[0 0 3 5] ccftt, CiMteot>T*iin:tt**H 

10 [0 0 3 6] ^!tC, *HB^CD^Zl(D*)i{?IJ{C^t>5^« 

f 0t*;& u *> y&mmsMX u 

09**^7 'J -r) O^XK^aCi55'CT'^S ( , 
SiS!fci;i:|B|&&«ji&# (Steji&g : 33cm/sec, ijgjg 

©WASH: O 5 . 26mn t « t A, if fci 1I4& it fc & *"> o fc 
A' 5 , 3£iaj£jg£lcm/secf:TigU -45' 1 CO^i}ii]!^in^ 

fToftis*, H6fc^f«ifeC}g«««»6nfc. 
iciftt&GmLT&tt®mft&*imLtct£?>, mic 

2 {C^-To 
[0 0 3 7] 
[fg2] 













5.25 


5.67 


5.26 



[0 0 3 8] M±, iS^TtftftHlffittAlOl^tfPttft 
c £tfT*#, Sr>*70 < Cteiinfi'r5<: fcfcioTBl?^ 

[0039] zom*mjgitt3.K®s' a *mic Lrm 7 k. 

fntc 0 7 (a) fi. JB«EttjKUV-A«6ft*IUg« 
A (*->*) KHLT, TgK±fclra^-rsci:K:«fcoTli 
fa tawWHtfT * LT^*. CCT* 

Tit^tffityctKi&So so 



[0 0 4 0] 07 (b) ti, ^«K«4<'J V-A>P>%S 
fl8^gPp Q n (t7h) tcMLT, T g J-X±tcj!ip^-r5<:fctc 

j: o Tflife £®&mm zt^o vimmtttm l t ^ 

*BRLfc*V. HIRfc:ttBttoi:ffl5rtg38<a:*UTfcJ: 
[00 4 1] ^(C, 07O (c) ~ (e) t±_tfB*a LJfflt 
(c) Ji, »«W6fc»JSL, S^fc»&l/»9J1»» 

e. * satfc t»ozi*iH«jwio^.g d o ttm&m^ corn 

%d.i:-f3fc, « (l) t^g^SL, S (2) 

do < Di ( i ) 

di > Di (2) 



(8) 

13 

SilSfctt, Jfctfta«*ttlOO%t;:tt&5>&^©T\ J£K 
(Ej^U/fc^CD^^aCgPOn^^rdo • (>do) 

t, s (i) a 

do' < Di (8) 

[004 2] 07 (d) tt, W#JS7K*ffSU Sl/HC 

o £&-&tg#©itte C»flD*1« diJ;?>k*t<f3Cfc 

KMa^gBcDrtgfcDi fr5t, * (3) 

di < Do (3) 
di > Di (4) 

@«Lfc^refcD»©rtg£Do• «Do) t-rs 

do' < Do' 
S (5) iDfceTHKft*,, CCT'tt, n 

[0 0 4 4] C©«fc3&, tttai;& dttei;8Q8tifi# 
ffiii. fflttftmcj:*. Uttlifyctt, Kit, EBB, 
XfiXJBTSSo £&Qlg£, iim©&Sitin a n fc|pI1i. It 30 
fclJttteiS^Xfcffl^fcfeii, HfetOttfflttftil* 

fcf > U fc <}; -d T«ite Cgp^figJ^ L T t «fc \,\ 
[0 0 4 5] EJ6©*^ JRttfclfc&lRlfcffiBrt-Si:* 
#t#tfg;fi|6]KJ£tf 3 5 fcf5©T\ fU^XlCjct) 

i:rtS?3|p|{ClR^Li3 t?Z<DT-MtiKtm!&-£tlZ 40 

[0046] 7ux©«£, K*»i:«tt3WBj«**ifc»j 

©«££«, jftwctttairtf^snT^s^x^ff 
ALfeiRffi-ea^risiK^ttcEEitrnjf eel :/ 
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t. j£ (3) 

di <Do' (9) 
Catf?B«-r 5«£%BR* bfctf, fUl&fC ttfitte Ug|5 
[0 0 4 3] Sei^ 07 (e) tt, W*«8Cj*f5 

^ST»©K**ffl^*f:» S (5) tt»«f*fr**L, 

s (6) «ais*ft*a-r 0 

do < Do (5) 
di > Di (6) 

©rtS*iifei;»©fl«J: t) fc** < T5C fctfofBEfc 

so, ftdisa^frsckj&rarflEfca*,, cot 

S (5) . (6) id^ftSMa, »*3H6, 7© 
100%fCtt^?>4^©T% fg^lHl«m©rtWI*ffll^ 
(1 0) 

fJ^XtCLTfcWf^XOffifctffcgfcTffJ^'-l'X 
£tt©i'Ml*«>|vfSC *-CX*JiM*fc3ltt 

[0 0 4 7] CCT**l*WtCxE^fcStt^{Ct, fe% 

i\KMB. (6) K«et\ MMaCOKjaHfjl. 

0, M^n^-tyh^^Lfc^^©^-^^:!! 

8tc^-r„ ffsiLfciiSi^miMffljtaifeLj^^frsx 

*v h^^^CT^t), K-&*a#Ktt#JB^«y 
fflW>fcc H8 (b) ttfijB«Of1?3l»»)ttlll*ffoft 
^WKKOW^-^HT?**). 08 (a) ttKK^T' 

08 (b) fc^-rjio, eit«ffi©tei;^MfiT' 

SPT'fiSWL, tei;UUi#:©^S^i«^ci:^/Tst/co S 
fc, *<D«f I« D ©fitt 119. lkgf t -tft&mitTrs 

i:58HPafcft5ft^ CftttOfttgffctr^-rt/ (PVC) *^ 
fffl (47~51MPa) #y (P 

0 tf^ffil (54~60 MPa) fcHHT*fe5 0 # 
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[0 0 4 8] W±© J: r>lztfy V 

So 

[0 0 4 9] &fC, *fg0^tO^Hff)^»J^^t)S^ to 

x-f v ?7 * y m<D®%ifc*m=<D'gMm t lt0 9 

KIR?)±tfSo 09 (a) «8I*«6, 09 (b) (ill 
#JK7. 09 (c) «il^8t«^1-5<i3gT ! $S 0 

moms tmmv&Zo latctiw^^ic^^nT 

'hLTt J; < , «t^^i*{cgBLT(*i»iea^g|5, £S 

i§&Zm-? 0 ftfc, 09T*«u ffl#Ofc!6»rffi«3icD* 
1 1 fc«m£W;J:07 fc|H|«HlrBSLT^So 

[0050] *ftw<D%sm<Dmmmicmt>z,B 
f s c *^tiw*]i9(cKK$n^^73)Sfc^-r5 

©T*& t) , IBKBUtf U v-fr 6 ft S*&Sgtt£T g tt± 

K-fS¥i£T'feSo Hi Ofc^HfiH^-To itfaCW 30 
fttt^ttKfl* 'J v-fr £ft y , fltfc CflSAU^MHT 
&So hg|5p c p<Ort@^SIfeC<OfejiHU^gJ:'3tO. 

&s 0 c<vtz. mtoKm>-9im&m<»9mimto\: 

119.2kgfT^-D/cA\ T g+ 20'CtC)!jn^Lfctt?l3l5i: 
<iA^0.8kgf<O^T-«-«pT^T-feo/co LfctfoT. #8? 40 

«w»jini-i?»Msaiia5*i««LTt«ki,\ com 

tfT*£S„ 01 lfc<ktf01 Zfc^t^^^sy^X 
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[00 5 1] 

[0 0 5 2] cnetC^oT, Se*iR»tCj;oT^»L 
T ^/SSfflT* t &%IC&#.1T « C t A^ tC ft -5 OT'gi5 
n^cafi^^ftVMJ+J-^^yl/AtpJ^cftSo lifc, 

fty. u^f ^;i/KB-rsieiHi**(B(cBij»rs 
So corctb, *2>^%vy'(?M±g<D$mzhmit 
[0ffi<o®#ftgjj^] 

[0 1 ] JBttEtt* 'J A> P> ft 5 ftpf^^-^^tg^rW 

[02] u^so^ifijiStt^tt^^-r^'ftiiT'fe 
[03] c wsos*afiffi#tt*^-r i#ttai?« 

So 

[04] fe i:ws<oeiiiafitt#tt%*^»ttHi?* 

So 

[05] *%w<Dm-<Dnmmimt>zm&&m<Dm 

B^0T'feSo 

[06] *»woa^o*w0ifctst>4itfei;o«tt 

[07] *£W©Sr©*8S«K:$ta«tti6(* (feu 
SUS) ©ftn^«?5:^-rtKW0T-fey. (a) tt, filta 

i;®iB©)!in^«0«%^-rKiW0« (b) «\ ffifei: 
a5np©*D^tt0a«:^-ri«w0, (c) m&c%b 
&<otofmvt®mc&Z'ftm%7fiTmiBs (d> «, 

(e) tt, iftaCg|5p a p, flttaUgPfflOto^WleJ^tc.i; 
[08] *«W©Sn©*jft«K:«t>«}B«aBf|#ij 
SO, (a) tt, H«tSS*^-r*, (b) (4, KK^f 



(10) 
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[09] *ftm<Dm=<D&ttmicmt>zm&»<Dim 

(c) \t. wm&h tmm&f>immt®mcx.z% 

[0io] ^mm<o^m<ommm\mt>^m^ik^ 
mm Ltc®&fr<DUtt/tmttM®m*?®mT'& 

So 

[011] *^comE3©IIW{c^t>5j«iig»<Dl4 
S@T^*)- (a) tt, Sfei;«A<Dtt£BU (b) 

[012] *»W09QOSK^ICfl^«MElSf*iOf4 
[?9^<Dsfi^] 

i i rBttEttrfyv-frsasfei; 
i 2 zuwwetei**ii; 
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1 3 »«EHILT»i»Lfctel;» 
14 t7h 

5 1A. 5 IB Jtl^X 
5 2 fEjgjStt 
5 3 ftJfllgH 

5 4 j$ai#*x 

5 5 

5 6 fcSWt/X/l/ 
5 7 

7 1 a~7 1 h ^13 
7 2a~72h tvF 
9 1 a~9 1 n 
9 1 a~9 2 n 
1 1 1 a~ 1 1 1 1 
1 1 2 a~l 1 2 e 



HPDP 



113 a- 



l l 3 x JgKEtttf 'J -7-*^§57 r x 



[01] 



[0 2] 



T=sa 



T>T 9 



11— 




5.1 
5.0 



-13 



IH 4 



[03] 



5.7 
5.6 
5.5 
3 5.4 

5.2 
5.1 
5.0 



*♦::::: 












. (muni ♦ j 




. ... i .... i .... i ■ ■ - ... i .... i ... . 




8 12 16 



20 



24 



10 15 20 25 30 35 
£&3K (cm/s) 



[04] 



5.50 
5.45 



1 ! 



; 5.35 



5.25 



j : : ! T fl =» 


«55t 












.... 



-60 -40 -20 0 20 

mm (t) 



[06] 



40 



60 





Sottas 
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[05] 



[07] 




51A 



51B 



(a) 

71a 71b 



di 



do 

7lc^ 
72c- 



(b) 

72 72b 



Tr 72b 
u m ^ 

do Di Do 



(c) 



M ^7^ 
(2 Q-72d 



7le- 
72e- 



(d) 



Tlf 

(2ZG--72f 



7lg- 
72g- 



(e) 



ri3-7lh 
QZH-72h 



[08] 
(a) 











Sift 




Tg+2fft 


(kgf) 


119.1 


0 


0 


1*7*- H 

















(b) 



UJ 



§158 vwa 



[01 0] 















Tg*20t 


B*ns una 

<k 8 f) 


119.2 


83.4 


0.8 


»7*-K 

















91a 

92a 
91c 

92c 
91 i. 

91 i 



[09] 
(a) 



^^-9 lb 9j e 



2D* 




9if 



to* 



9ld 9lg 
92d ^92g 




(b) 
^9lj 91k 

92j 92k 



9,lh 

f 

92h 
911 



turn 



□sag 

921 



91m- 
92m- 



(c) 
am 



9in 
0fl&9lm 
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1 1] 



1 2] 



(a) 

Mia ","> lllc 



(I Id 



(Mew 



MM 



(b) 



M2a 1 12b U2c»»i; 



H3e 



i 13b 



iiii 



1 13d 



,l3f 



113 j 



1 130 1 13m 



H3n 13k 



it 




U3o U3p " 3 «l 



I3r ,113s 



.Il3t 



H3u 



I I3v 



H3w 





Il3x 



(72) B# JJt 

s»]m«SMm*»Kit#Bji7Si5^ ^ 

(72)5gUH# 7*ffl feSU 

US© 1 cfjgxVS/*- 7 0 
F £—.£>(##) 3J036 AA03 BA01 BA03 

4F204 AA31 AA42 AE01 AG28 AH06 
AR06 AR08 FA01 FB01 FN11 
FN15 



